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Abstract
Background—Childhood maltreatment (CM) confers deleterious long-term consequences, and 
growing evidence suggests some of these effects may be transmitted across generations. We 
examined the intergenerational effect of maternal CM exposure on child brain structure and also 
addressed the hypothesis that this effect may start during the child’s intrauterine period of life.
Methods—A prospective longitudinal study was conducted in a clinical convenience sample of 
80 mother-child dyads. Maternal CM exposure was assessed using the Childhood Trauma 
Questionnaire. Structural magnetic resonance imaging (MRI) was employed to characterize 
newborn global and regional brain (tissue) volumes near the time of birth.
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Results—CM exposure was reported by 35% of the women. Maternal CM exposure was 
associated with lower child intracranial volume (F1,70=6.84, p=.011), which was primarily due to a 
global difference in cortical gray matter (F1,70=9.10, p=.004). The effect was independent of 
potential confounding variables, including maternal SES, obstetric complications, obesity, recent 
interpersonal violence, pre- and early postpartum stress, gestational age at birth, infant sex, and 
postnatal age at MRI scan. The observed group difference between offspring of CM-exposed 
versus non-exposed mothers was 6%.
Conclusions—These findings represent the first report to date associating maternal CM 
exposure with variation in newborn brain structure. These observations support our hypothesis of 
intergenerational transmission of the effects of maternal CM exposure on child brain development 
and suggest this effect may originate during the child’s intrauterine period of life, which may have 
downstream neurodevelopmental consequences.
Keywords
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Introduction
Exposure to childhood maltreatment (CM), such as child abuse or neglect, represents one of 
the most pervasive and pernicious stressors in society in terms of its widespread prevalence 
(1) and deleterious biological (neural, endocrine, immune, metabolic), psychological 
(depression, PTSD), biophysical (obesity) and behavioral (substance abuse, risky behavior) 
consequences (2). These sequelae can persist over the exposed individual’s life span, and 
growing evidence suggests that among women the adverse effects of CM exposure may be 
transmitted to the next generation. Children of mothers exposed to CM, even in the absence 
of maltreatment to themselves, have been shown to exhibit alterations in stress physiology 
systems and an increased risk for social-emotional and behavioral disorders (3–6).
To date, conceptual frameworks and empirical studies about the intergenerational effects of 
maternal CM have focused almost exclusively on the child’s postnatal period of life as the 
primary window of transmission (e.g., via CM-related maternal dysfunctional states 
underlying suboptimal parenting and care) (7, 8). We, however, hypothesize that the process 
of intergenerational transmission may start earlier during the period of intrauterine life, and 
that the developing fetal brain may represent a target of particular interest (9). 
Intergenerational transmission could potentially occur via maternal CM-related epigenetic 
alterations in her germ line (oocytes) that survive the re-establishment of postconceptional 
epigenetic marks. Findings from rodent models support the possibility of transgenerational 
epigenetic inheritance of adversity-related phenotypes via the paternal germ line (10, 11), 
however, evidence of such inheritance via the maternal germ line is still lacking. A more 
likely possibility is that the developing feto-placental unit senses and responds to biological 
cues in the maternal compartment that reflect the long-term sequelae that CM-exposed 
women may bring to their pregnancy and gestational state (e.g., alterations in 
glucocorticoid- and immune-related processes) (12). We suggest that stress-responsive 
biological systems, such as the hypothalamic-pituitary-adrenal (HPA) axis or the immune 
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system, represent highly attractive candidate mechanisms as sensors, transducers, and 
effectors of CM-related states and conditions on the developing fetus.
The present study was conducted in a clinical convenience cohort of mother-child dyads 
assessed prospectively from early gestation through birth until infancy. To address our 
hypothesis that the effect of maternal CM exposure on her child’s brain may start as early as 
during intrauterine life, we selected the newborn period as the assessment time for 
characterization of child brain anatomy (because it precludes conflation with postnatal 
effects). We also sought to determine whether the hypothesized effect of maternal CM 
exposure (that occurred well before conception) persists over and beyond that of various 
potential CM-related psychological, biophysical and behavioral sequelae during pregnancy 
by controlling for maternal SES, obstetric complications, obesity, exposure to interpersonal 
violence, and pre- and early postpartum stress. Moreover, because gestational age at birth, 
infant sex, and postnatal age at MRI scan may relate to child brain anatomy, we also 
accounted for the effects of these variables in our analyses.
Methods and Materials
Study population
The study was conducted at the University of California, Irvine, Development, Health and 
Disease Research Program in a clinical convenience cohort of N=131 pregnant women 
receiving prenatal care at university and other affiliated institutions and clinics. Participants 
were recruited in the first trimester of pregnancy and followed-up with serial assessments at 
each trimester. All participants had singleton, intrauterine pregnancies, with no known cord, 
placental, or uterine anomalies, fetal congenital malformations, or presence of any 
conditions known to be associated with dysregulated neuroendocrine function or systemic 
corticosteroid medication use. Upon birth, the newborn children of those women who 
consented to an MRI scan of their child were included in the study. All newborns included 
were born full-term (> 37 weeks gestational age) or late preterm (n=7, range: 34.6 – 36.9 
weeks; n=6 in the CM- group and n=1 in the CM+ group), and had no known congenital, 
genetic or neurological disorders. All study procedures were approved by the university’s 
IRB, and all participants (pregnant women, and parents on behalf of their infants) provided 
written informed consent.
Procedures
The study employed a prospective, longitudinal design with serial assessments of the 
pregnant women over the course of gestation (once in each trimester). Gestational age was 
confirmed by obstetric ultrasonographic biometry performed before 15 weeks gestation 
using standard clinical criteria (13). Study visit procedures included administration of 
structured socio-demographic and psychosocial interviews and questionnaires, and fetal 
ultrasonography. Magnetic resonance imaging (MRI) of the newborn brain was performed 
shortly after birth (mean: 26 ± 13 days; range: 5 – 64 days; 67.5% of children were scanned 
within 30 days of postnatal age).
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Maternal childhood maltreatment exposure
Maternal exposure to childhood maltreatment was ascertained at the mid-gestation visit 
using the Childhood Trauma Questionnaire (CTQ, 14), one of the most widely-used, 
reliable, and valid instruments for determination of abuse and neglect experiences in 
childhood and adolescence (15). This 28-item measure assesses five dimensions of 
childhood maltreatment: emotional abuse, physical abuse, sexual abuse, emotional neglect, 
and physical neglect. Cut-off values for moderate or greater exposure provided in the CTQ 
manual (14) were used to create dichotomous variables of exposure for each CTQ subscale 
(emotional abuse ≥13; physical abuse ≥10; sexual abuse ≥8; emotional neglect ≥15; and 
physical neglect ≥10). From these, for each subscale a binary variable was computed 
indicating at least moderate exposure to the respective type of abuse or neglect vs. no or low 
exposure to all five types of abuse and neglect, as well as an overall binary variable 
indicating exposure to at least one type of childhood maltreatment vs. no or low exposure 
(CM). CM was used as the principal predictor in statistical analysis. In addition, the overall 
CTQ score, a sum score over all items (range 25 – 125), was used as a measure of 
maltreatment severity.
Image acquisition
Magnetic resonance imaging (MRI) was performed in unsedated newborns during natural 
sleep using a Siemens 3T scanner (TIM Trio, Siemens Medical System Inc., Germany). T1-
weighted images were obtained using a three-dimensional (3D) magnetization prepared 
rapid gradient echo (MP-RAGE) sequence (TR 2400 ms; TE 3.16 ms; TI 1200 ms; Flip 
Angle 8°; 6:18 minutes) and T2-weighted images were obtained with a turbo spin echo 
sequence (TR 3200 ms; TE1 13 ms; TE2 135 ms; Flip Angle 180°; 4:18 minutes). The 
spatial resolution was a 1 × 1 × 1 mm voxel for T1-weighted images and 1 × 1 × 1mm voxel 
with 0.5 mm interslice gap for T2-weighted images.
Covariates
At each pregnancy visit the Center for Epidemiological Studies Depression scale (CES-D, 
16), the Perceived Stress Scale (PSS, 17), the state scale from the State-Trait Anxiety 
Inventory (STAI, 18), and the Prenatal Distress Questionnaire (PDQ, 19) were administered. 
The CES-D, PSS, and STAI scales were also administered at one month after birth. For 
individuals with < 3 missing items on any scale at any time point, the mean responses for 
that scale were calculated and then multiplied by the total number of items in the respective 
scale, in order to generate total scale scores that are comparable to those generated from 
participants without any missing data.
For the PDQ, a mean score was computed across the duration of pregnancy. For each of the 
CES-D, PSS and STAI scales mean scores were computed encompassing pregnancy and the 
first month of the postpartum period (pregnancy and early postpartum, PeP). Please see 
Supplemental Information for more details regarding these measures.
At each visit, participants were asked to report prescription medication use and to bring the 
packaging of any medication to the study visit. Based on this information, subjects on 
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antidepressant/anxiety medication at any time during pregnancy were identified and 
excluded from the analyses (n=2).
Interpersonal violence (IPV) was assessed with the Abuse Assessment Screen (AAS, 20). A 
binary variable indicating exposure to physical and/or sexual violence within the last year 
was created from two questions assessing having been hit, slapped, kicked, or otherwise 
physically hurt by someone, and having been forced to have sexual activities by someone.
The presence of major obstetric risk complications in the index pregnancy (i.e., infection, 
hypertension, diabetes, anemia, vaginal bleeding, oligohydromnios, placental abruption), 
gestational age at birth, and infant sex were abstracted from the antepartum and delivery 
medical records, as previously described (21).
Maternal pre-pregnancy body-mass-index (BMI) was also abstracted from medical records. 
A binary variable indicating obesity (BMI ≥ 30) was created and used as a covariate.
Maternal socio-economic status (SES) was defined as a combination (mean) of maternal 
educational level (originally assessed in categories from less than high school to advanced 
degree (master’s/doctorate) and then recoded into values from 1 through 5) and household 
income (originally assessed in categories from ≤ 15,000$ to ≥ 100,000$ and then recoded 
into values from 1 through 5).
Image analysis
An MRI brain scan was attempted in 114 of the 131 infants included in the study. Scan 
acquisition was not attempted in n=17 infants because they did not fall asleep during the 
MRI study visit. The complete MRI sequence was obtained in 94 scans. These MRI scans 
were then independently screened for quality control and excluded if they had excessive 
motion (n=6) and/or significant abnormalities as reviewed by a clinical neuroradiologist 
(n=2). Tissue segmentation was performed using a multi-atlas based iterative expectation 
maximization segmentation algorithm as previously described (22, 23). The employed 
neonate multi-atlas is disseminated here: https://www.nitrc.org/projects/unc_brain_atlas/. 
Brain tissue was classified as gray matter (GM), white matter (WM), and cerebrospinal fluid 
(CSF). A representative tissue segmentation is depicted in Figure 1. Taken together, these 
three tissue volumes comprise the intracranial volume (ICV). Regional anatomical 
subdivisions were defined by multi-modality (employing both T1 and T2 weighted images) 
non-linear warping of a newborn average brain atlas to native space via the Advanced 
Neuroimaging Tools (ANTs) toolkit (24, 25). The deformation field was then applied to the 
parcellation template (26) corresponding to the atlas, resulting in parcellated volumes in 
native space (see Supplementary Figure S1 and Supplemental Information for more details).
Hippocampi and amygdalae were individually segmented initialized via a multi-modality, 
multi-template based automatic method combining T1- and T2-weighted high-resolution 
images (27), followed by manual correction in ITK-Snap (28) (see Supplemental 
Information for more details).
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Global brain volumetric measures were available for n=86 newborns. Mother-child-dyads 
that could not be included in the analyses because no MRI scan was attempted or because of 
insufficient quality of the MRI scan (N=45) did not differ from the group with high quality 
structural MRI scans (N=86) with respect to maternal CM status, SES, maternal age, parity, 
obstetric complications, pre-pregnancy BMI, gestational age at birth, or birthweight 
percentile; drop-out infants were more likely to be of female sex (X2=6.1, p=.017). Of the 86 
mother-child dyads with high quality structural MRI data, n=2 were excluded due to 
antidepressant/anxiety medication use in pregnancy and n=4 had missing information 
regarding CM, resulting in a final sample size of n=80.
Because of the high correlation between the different measures of maternal stress (r’s ranged 
between 0.60 and 0.86), we performed a factor analysis including the PeP-scores. Based on 
the eigenvalue > 1 criterion and visual inspection of the scree plot, the principal factor 
representing prenatal and early postnatal stress exposure was extracted. The factor explained 
73.4% of the total variance. A composite PeP-stress variable score was computed for each 
subject using the weighted factor loadings (see Supplemental Information) and was used as a 
covariate in the analyses. Group-based differences in signal-to-noise ratio (SNR) and carrier-
to-noise ratio (CNR) were evaluated, and there were no observed group differences between 
CM+ and CM− infants in GM SNR, WM SNR, or gray/white CNR for either the T1-
weighted or T2-weighted images.
Analysis of variance (ANOVA) modeling was employed to statistically test the association 
of maternal CM with newborn global brain tissue volumes. All models controlled for 
maternal SES, obstetric complications, obesity, IPV, pre- and early postpartum stress, 
gestational age at birth, infant sex, and postnatal age at MRI scan. To determine the effect of 
maltreatment severity, the primary analyses were repeated using the overall CTQ score as 
the main predictor. As a second exploratory step, the association of maternal CM with 
offspring regional GM volumes was tested. To determine the relative strength of the effect of 
CM between the brain regions, the analyses were performed with and without controlling for 
overall brain size (ICV). To determine effect modification by infant sex, the main analyses 
were repeated including the interaction term between maternal CM and infant sex. 
Moderation by infant sex was investigated because many studies have reported sex-specific 
differences in the prevalence of neurodevelopmental disorders commonly observed in 
offspring of mothers with exposure to CM (29, 30), and because many of the intrauterine 
biological mechanisms that may underlie the intergenerational transmission of CM sequelae 
have been shown to exert sex-specific effects on developing offspring’s brain (31–33). All p-
values were corrected for multiple comparisons using the False Discovery Rate method (34) 
implemented in R’s p.adjust function.
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Complete data were available in 80 mother-child dyads. 35% of these mothers (n=28) 
reported exposure to at least one type of moderate to severe CM. Key maternal and child 
characteristics, delineated by maternal CM status, are depicted in Table 1.
Global brain and tissue volumes
Compared to newborns of mothers without CM, newborns of CM+ mothers had a 
significantly smaller ICV (F1,70 = 6.84, p = .011, padj = .022, partial η2 = .089). Specifically, 
there was a significant difference in GM volume (F1,70 = 9.10, p = .004, padj = .016, partial 
η2 = .115). There also was a trend effect on newborn WM volume (F1,70 = 3.87, p = .053); 
however, CSF was not significantly different between the two groups (F1,70 = 1.30, p = .258, 
see Figure 2 and Supplementary Tables S2 and S3). These findings suggest that GM volume 
is the principal contributor to the observed overall difference in ICV. This observed 
difference of 14.8 cm³ in gray matter between newborns of CM+ and CM− mothers 
corresponds to approximately 6%, or half a standard deviation (SD=33.3), smaller volume in 
overall cortical GM.
To determine the influence of maltreatment severity, the main analyses were repeated using 
the CTQ total score. A higher overall CTQ score was associated with lower ICV and GM 
volume (B = −0.686, SE = 0.30, p = .025, padj = .050; and B = −0.363, SE = 0.15, p = .018, 
padj = .050, respectively). WM volume and CSF were not significantly related to 
maltreatment severity.
Regional gray matter volume
Next, we performed exploratory analyses to examine which specific regions of the newborn 
brain were most prominently associated with maternal CM exposure. Results suggest the 
effect was particularly pronounced in the right posterior parts of the brain, the left cingulate 
cortex, and the bilateral parietal, temporal, frontal and prefrontal areas, with a stronger effect 
in the left than in the right hemisphere (see Figure 2 and Supplementary Table S4). Regional 
GM volume analyses were repeated to determine the relative strength of GM volume 
reduction between these specific brain regions after additionally controlling for overall brain 
size (ICV). These analyses did not yield any significant results, suggesting that the observed 
effect of maternal CM on newborn GM maturation appears to be global in nature rather than 
region-specific, further underscoring its potential importance. Maternal CM status was not 
significantly associated with either hippocampus or amygdala volumes (Supplementary 
Table S4).
Sexual dimorphism
In concordance with previous studies, we observed significant sexual dimorphism in the 
newborn brain (23). Males had a larger global brain volume as well as larger GM and WM 
volumes, but not larger volume of CSF compared to female newborns (ICV: F1,70 = 12.86, p 
= .001, padj = .004; GM: F1,70 = 10.65, p = .002, padj = .004; WM: F1,70 = 14.30, p < .001, 
padj < .004; and CSF: F1,70 = 2.70, p = .105 respectively). Infant sex did not moderate the 
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effect of maternal CM on newborn ICV, GM volume or WM volume. There was an 
interaction effect of CM and infant sex on CSF volume, however, this effect was not 
significant after adjusting for multiple comparisons (F1,69 = 4.55, p = .036, padj = .144).
Discussion
To the best of our knowledge, this is the first study to establish an association between 
maternal CM exposure and her child’s brain anatomy. Newborns of mothers who had 
experienced CM had a significantly smaller overall brain size and less GM volume than 
those born to mothers who had not experienced CM. The observation that this effect of 
maternal CM on child brain anatomy is already evident at birth supports our premise that the 
intergenerational, mother-to-child transmission of the adverse sequelae of CM exposure may 
begin as early as during the child’s intrauterine period of life. Our results showed a global, 
rather than regionally-specific, difference in GM volume, corresponding to approximately 
6% less volume in cortical GM in the CM+ group compared to the CM− group. Global GM 
volume changes of similar magnitude have been reported in children with 
neurodevelopmental disorders (35), as well as in 1-year old rhesus monkeys whose mothers 
were exposed to influenza infection during pregnancy (36).
During normal brain development, the trajectory of cortical GM growth exhibits a 
particularly pronounced increase during the prenatal and early postnatal period (23, 37). 
Because analyses of the newborn brain metrics were adjusted for gestational age at birth as 
well as postnatal age at MRI scan, our finding suggests children of CM+ mothers may 
exhibit a delay in the rate of intrauterine maturation of cortical gray matter. Alterations in 
the maturational trajectory of cortical GM have previously been associated with various 
forms of psychopathology (38, 39), and this may, thus, represent a pathway underlying 
previously-observed associations between maternal CM exposure and increased risk in their 
children of neurodevelopmental and neuropsychiatric disorders.
We did not observe a region-specific effect of maternal CM exposure on newborn 
hippocampus and amygdala volumes. Previous studies that have focused on maternal stress 
during pregnancy (as opposed to preconceptional stress) have reported an association with 
hippocampus and amygdala volumes (32, 40). To examine whether maternal 
preconceptional conditions (in this case, maternal CM exposure) may affect fetal 
development independent of maternal psychological state and other typical CM sequelae 
during pregnancy, we controlled for these states in our statistical analyses. However, it is 
possible that these CM sequelae may moderate the association between CM and fetal brain 
development (12), which our study was not powered to assess. It will, therefore, be 
important to investigate the potential moderating role of CM-related sequelae in future 
studies, and to specifically examine whether maternal stress during pregnancy moderates the 
association between maternal CM and her offspring’s hippocampus and amygdala volumes.
We suggest that future studies should replicate the present findings in larger, independent 
cohorts and also elucidate underlying biological transmission pathways, with a focus on the 
role of maternal, placental and fetal endocrine and immune/inflammatory processes and 
epigenetic characteristics. During gestation, endocrine and immune processes play an 
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obligatory role in the development of the fetal brain, and perturbations are likely to 
adversely affect its developmental trajectory (9, 41), with long-term consequences in terms 
of increased susceptibility for neurodevelopmental and psychiatric disorders. Alterations in 
endocrine and immune mediators are well-established consequences of CM exposure (2). 
Importantly, empirical evidence suggests that such CM and other preconceptional trauma-
related alterations in endocrine and immune biology may also carry forward into the 
gestational biological state of a woman when she becomes pregnant (42–45). For instance, 
we recently determined that the long reach of maternal CM exposure extends during 
gestation to the stress physiology of the developing placental-fetal unit. Women with a 
higher number of abuse and neglect exposures in childhood exhibited higher placental CRH 
production and a steeper trajectory of placental CRH increase across gestation (46). Higher 
concentrations of placental CRH during pregnancy have been associated in the offspring 
with lower physical and neurological maturity and a more difficult temperament (47–49). 
Furthermore, placental CRH is known to exert a stimulatory effect on cortisol production 
from the maternal and fetal adrenals (50), and increased maternal and fetal cortisol 
concentrations in pregnancy have been shown in offspring to predict difficult temperament 
and behavior (51, 52), delayed cognitive development (53), and alterations in HPA axis 
regulation (54, 55).
Our study has some limitations. The sample size was relatively small, possibly limiting the 
ability to detect small or more nuanced effects. In addition, the study was conducted in a 
clinical convenience sample of healthy pregnant women and their children; the study 
population was not enriched for CM exposure. The prevalence of moderate to severe CM in 
our study is consistent with estimates from larger epidemiological studies in the general 
population (56–58), however, as can be expected, the prevalence of maltreatment at the more 
severe end of the spectrum was limited. We did find a dose-dependent effect of CM severity 
(using the overall CTQ score as a predictor), so perhaps an even larger effect might be 
expected when including mothers with a more pronounced CM severity. Thus, future studies 
should include a more detailed and extensive CM characterization, possibly in a high risk 
cohort enriched for CM exposure. Another limitation relates to the retrospective method of 
CM assessment, which may be subject to problems such as non-awareness (e.g. when CM 
occurred before the age of 3), non-disclosure, and reporting biases due to mood state or 
personality factors (59). While we controlled for current depressive symptoms and anxiety 
and tried to limit the rate of false-positives by choosing a moderate cut-off score to classify 
exposure to CM (14), this does not preclude the possibility of false negatives. Finally, we 
cannot completely rule out that other unmeasured factors during the prenatal (e.g. maternal 
diet quality) or the early postnatal period may have influenced our results. We limited the 
influence of the postnatal environment by performing the MRI scan shortly after birth, 
however, a third of the MRI scans were obtained after the newborn period (between 31–64 
days postnatal age). Theoretically, the size of any postnatal effect should increase as a 
function of the length of the postnatal exposure, i.e. the older the child at the assessment, 
which is why controlling for age at scan should at least partly account for postnatal 
influences. In addition, we have tried to limit the possibility of postnatal environmental 
influences by controlling for the possible effects of maternal stress during the early postnatal 
period.
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In conclusion, the findings of this study support a concerted focus on the intrauterine period 
of development as one of the primary windows for the intergenerational transmission of the 
effects of exposure to CM. This has obvious and important implications for the development 
and timing of intervention strategies to ultimately break the vicious cycle of the enduring 
consequences of abuse and neglect passed down from a vulnerable population of abused 
women to the even more vulnerable population of their unborn children.
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Note. An example of a typical three class (gray matter, white matter, cerebrospinal fluid) 
tissue segmentation (bottom row). Class definition used T1-weighted (top row) and T2-
weighted (middle row) signal intensities as inputs.
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Mean intracranial volume and brain segmentation volumes in newborns of mothers with 
(CM+, n=28) and without childhood maltreatment (CM−, n=52).
Note. A) Depicted are adjusted means from the ANOVA models controlling for maternal 
SES, obstetric complications, maternal depression in pregnancy, infant sex, gestational age 
at birth and age at MRI scan. B) Boxplot illustrating the difference in GM volume adjusted 
for gestational age at birth and age at MRI scan between infants of mothers with vs. without 
CM. CM = childhood maltreatment; GM = gray matter; WM = white matter; CSF = 
cerebrospinal fluid; ICV = intracranial volume.
* p < .0125
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Regions with reduced GM volume in newborns of mothers exposed to CM.
Note. The statistical map is overlaid on a typical neonatal T1-weighted image in radiologic 
convention and thresholded at padj < 0.05 with hot colors representing a more significant 
finding. The most significant reduction of GM volume was observed in the right occipital 
cortex and cerebellum, as well as the left parietal and prefrontal cortex.
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Table 1







n = 52 (65%)
CM+ group
(≥ 1 type of childhood
maltreatment)
n = 28 (35%)
Maternal age at baseline, yrs, mean ± SD 28.06 ± 5.5 28.54 ± 5.7 27.18 ± 5.2
SES, mean ± SD 3.05 ± 0.9 3.14 ± 1.0 2.88 ± 0.8
Race/ethnicity
    Non-Hispanic White, n (%) 31 (38.8) 26 (50.0) 5 (18.5)a
    Hispanic White, n (%) 26 (32.5) 15 (21.2) 11 (40.7)
    Other, n (%) 22 (27.5) 11 (21.2) 11 (40.7)
Presence of any major obstetric complication, n (%) 20 (25) 14 (26.9) 6 (21.4)
Obesity, n (%) 19 (23.8) 14 (26.9) 5 (17.9)
Interpersonal violence, n (%) 11 (13.8) 6 (11.5) 5 (17.6)
Female infant sex, n (%) 32 (40) 23 (42.3) 10 (35.7)
Gestational age at birth, wks, mean ± SD 39.11 ± 1.5 39.04 ± 1.4 39.24 ± 1.6
Infant birthweight, g, mean ± SD 3313.90 ± 524.1 3355.78 ± 549.8 3236.11 ± 472.1
Age at MRI scan, days, mean ± SD 26.0 ± 13.1 24.77 ± 12.3 28.29 ± 14.6
Psychosocial stress measures
    PDQ in pregnancy, mean ± SD 14.40 ± 6.8 13.32 ± 6.3 16.42 ± 7.1a
    CES-D PeP, mean ± SD 14.88 ± 8.7 13.43 ± 8.3 17.57 ± 9.0a
    PSS PeP, mean ± SD 15.86 ± 5.5 14.58 ± 5.5 18.25 ± 4.7a
    STAI PeP, mean ± SD 34.20 ± 8.6 32.49 ± 7.5 37.38 ± 9.7a
    PeP-Stress, mean ± SD 0.0 ± 1.0 −0.20 ± 0.9 0.37± 1.0a
Note. CM = childhood maltreatment; SES = Socio-economic status; PeP = pregnancy and early postpartum.
Maternal socio-economic status was defined as a combination of maternal educational level (originally assessed in categories from less than high 
school to advanced degree and then recoded into values from 1 through 5) and household income (originally assessed in categories from ≤ 15,000$ 
to ≥ 100,000$ and then recoded into values from 1 through 5).
a
significantly different from CM− (p < .05)
Biol Psychiatry. Author manuscript; available in PMC 2019 January 15.
